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This  paper  is  a  contribution  to  the  vast  literature  on  the  inefficiency  in  the  index  options  markets.   
Previous  research  has  found  that  trading  based  on  implied  volatility  forecasts  do  not  generate 
positive  profits  for  the  S&P  500  index  options  but  GARCH  volatility  forecasts  do.  Trading  based 
on  implied  volatility  forecasts  for  the  S&P  100  index  options  also  fail  to  generate  profits  in  excess 
of  transaction  costs.  This  paper  shows  that  trading  based  on  GARCH  volatility  forecast  generates 
profits  in  excess  of  transaction  costs  for  the  S&P  100  index  options  hence  there  is  systematic 
mispricing  in  the  S&P  index  options  markets.  GARCH  models  fair  well  due  to  their  flexibility  to 
incorporate  asymmetric  and  nonlinear  volatility  effects.  Improved  pricing  models  should  work  as 
well  or  better.   
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I.  Introduction 
 
Option  prices  are  a  function  of  the  current  price,  the  strike  price,  time  to  expiration,  volatility  of 
the  asset  price,  the  risk-free  interest  rate  and  the  dividends  expected  during  the  life  of  the  option. 
For  a  non-dividend  paying  asset,  the  only  nonobservable  parameter  is  the  volatility  of  the  asset 
price.  Observed  option  prices  then  imply  the  volatility  of  the  asset  as  perceived  by  the  market.  If 
an  investor  differs  in  his  estimate  of  the  volatility  of  the  return  of  the  underlying  asset  hence  the 
valuation  of  the  option,  then,  in  the  absence  of  transaction  costs,  he  can  make  positive  profits 
based  by  trading  based  on  his  volatility  estimates.  This  in  turn  constitutes  a  test  for  the  efficiency 
of  markets  if,  given  transaction  costs,  positive  profits  are  possible. 
 
Researchers  have  reported  evidence  of  mispricing    in    index  call  and  put  options
1  markets.    (See 
Evnine  and  Rudd  (1985),  Chance  (1986),  (1987)),  Ackert  and  Tian  (1998),  Kamara  and  Miller 
(1995)).  Mispricing,  as  a  general  rule,  should  be  considered  as  evidence  of  market  inefficiency, 
since  investors  who  are  able  to  price  options  correctly  should  be  able  to  generate  positive  profits 
until  market  efficiency  is  restored.  However,  in  a  market  with  constraints,  inefficiency  may  persist 
if  investors  are  not  able  to  take  advantage  of  the  profit  opportunities.  Ackert  and  Tian  (2001) 
argue  that  this  is  the  case  in  the  S&P  500  options  markets,  that  there  is  mispricing  in  the  call  and 
put  options  which  cannot  be  eliminated  by  arbitrage.    They  also  argue  that  mispricing  should  not 
                                                                                                 
1  An  option  on  a  financial  asset  gives  the  owner  either  the  right  to  buy  (call  option)  or  the  right  to  sell  (put  option) 
the  asset  at  a  prespecified  price  (strike  price)  on  or  before  a  prespecified  date  (expiration  date).    An  option  that  can 
only  be  exercised  on  the  day  of  expiration  is  a  European  option,  an  option  that  can  be  exercised  any  time  before    it 
expires  is  an  American  option.   4 
be  considered  as  an  indication  of  the  inefficiency  of  the  market  if  constraints  do  not  enable 
arbitrageurs  from  profiting  from  the  mispriced  assets
2.   
 
Noh,  Engle  and  Kane  (1993)  test  the  efficiency  of  the  S&P  500  index  option  market  based  on  the 
performance  of  two  volatility  forecast  models.  They  find  that  the  GARCH  volatility  forecast 
model  generates  significantly  positive  profits  after  transaction  costs  with  near-the-money  straddle 
trading  whereas  the  implied  volatility  regression  model  fails  to  do  so.  Harvey  and  Whaley  (1992) 
test  the  efficiency  of  the  S&P  100  option  index  market  using  implied  volatility  methods  to 
forecast  future  volatility  and  find  that  excess      returns  are  not  possible.  Would  GARCH  volatility 
forecast  models  be  able  to  generate  positive  profits  in  the  S&P  100  index  options  as  well?  The 
aim  of  this  paper  is  to  test  the  efficiency  of  the  S&P  100  index  option  market  using  a  GARCH 
forecasting  model  and  see  if  near-the-money  straddle  trading  can  generate  positive  profits  after 
transaction  costs  in  S&P  100  index  options.  The  specification  Noh,  Engle  and  Kane  have  adopted 
for  the  S&P  500  index  serves  as  a  starting  point  but  is  modified  to  allow  for  changes  in  volatility 
around  the  option  expiration  dates.  We  find  that  GARCH  volatility  forecast  models  indeed 
generate  profits  in  excess  of  transaction  costs  for  the  S&P  100  index  options  and  indicate  a 
systematic  mispricing  of  S&P  index  options. 
 
The  paper  is  organized  as  follows.  The  next  section  provides  a  summary  of  the  existing  literature 
on  the  inefficiency  in  the  index  option  markets  and  methods  used  to  forecast  volatility.  Literature 
utilizing  GARCH  specifications  are  discussed  in  greater  detail.  Section  3  introduces  the  GARCH 
specifications  that  we  use  and  discusses  the  estimated  results.  Sections  4  and  5  describe  the  data 
                                                                                                 
2  A  similar  analysis  on  the  Hang  Seng  index  options  is  given  by  Duan  and  Zhang  (2001).     5 
and  the  trading  experiment  based  on  the  GARCH  forecasting  models.  The  last  section  provides  a 
summary  of  the  major  findings.   
 
II.  Literature  Review 
 
There  is  a  vast  literature  on  the  inefficiency  of  index  option  markets.  Noh,  Engle  and  Kane 
(1993,1994)  find  evidence  for  the  inefficiency  in  the  S&P  500  index  option  markets,  and  Ackert 
and  Tian  (1998),  Duan  and  Zhang  (2001),    Kamara  and  Miller  (1998)  report  evidence  of   
mispricing  in  index  call  and  put  options.  Ackert  and  Tian  (2001)  report  violations  in  option 
pricing  relationships  for  the  S&P  500  index  options  based  on  methods  that  are  independent  of  the 
option  pricing  models  used. 
 
Existing  literature  on  forecasting  the  volatility  of  financial  assets,  for  the  most  part  favors  two 
methodologies.  Perhaps  the  more  popular  of  the  two,  makes  use  of  the  autoregressive  conditional 
heteroskedasticity  (ARCH)  model  proposed  by  Engle  (1982)  and  generalized  by  Bollerslev 
(1986)  in  its  various  forms.  ARCH  models  allow  conditional  variance  to  change  over  time  and 
have  been  used  extensively  to  model  stock  market  volatility  which  is  time-varying  in  nature. 
French,  Schwert  and  Stambough  (1987),  Chou  (1988),  Pagan  and  Schwert  (1989),  Engle  and 
Gonzales-Rivera  (1989)  and  Nelson  (1991)  have  used  ARCH  models  to  forecast  volatility  of 
stock  returns.    Option  pricing  models  with  stochastic  volatility  have  been  developed  and  applied 
to  several  index  options.    Engle,  Kane  and  Noh  (1997)  are  one  of  the  first  to  use  stochastic 
volatility  models  for  S&P  500  index  options.  Lin,  Strong  and  Xu  (2001)  analyze  options  on  the 
FTSE  100  index,  Duan  and  Zhang  (2001)  on  the  Hang  Seng  index  based  on  stochastic  volatility 
models.   6 
 
The  most  popular  alternative  to  ARCH  models,  is  to  use  option  implied  volatility  as  an  estimate 
of  conditional  variance.  Latane  and  Rendleman  (1976)  show  that  volatility  implied  by  option 
prices    is  a  better  predictor  of  future  volatility  than  alternatives  based  on  historical  price  data.   
Schmalensee  and  Trippi  (1978)    use  implied  volatility  as  an  estimate  of  conditional  voaltility  and 
construct  a  weighted-average  volatility  estimate  for  the  asset  from  implied  volatilities  of 
individual  options.    Day  and  Lewis  (1988)  study  the  changes  in  volatility  around  expiration  dates 
and  find  that  the  behavior  of  the  implied  volatilities  for  options  spanning  the  expiration  dates  is 
consistent  with  an  unexpected  increase  in  market  volatility  around  expiration  dates.    Schwert 
(1990)  analyzes  the  behavior  of  volatility  around  the  stock  market  crash  of  1987  using  implied 
volatility.  Stein  (1989)  finds  that  longer  term  options  overreact  to  changes  in  the  implied  volatility 
of  short  term  options.  Harvey  and  Whaley  (1991)  investigate  the  effect  of  infrequent  trading  on 
the  implied  volatility  estimates  and  suggest  modifications  to  improve  valuation  of  the  options. 
 
Profits  from  trading  based  on  volatility  forecasts  have  been  used  to  test  the  efficiency  of  markets. 
Engle,  Hong,  Kane  and  Noh  (1993)  compare  returns  from  trading  in  NYSE  index  options  based 
on  different  variance  forecasts.  They  find  that  ARCH  models  show  the  highest  profits  and  lowest 
standard  deviations  and  thus  are  superior  to  alternatives.  Noh,  Engle  and  Kane  (1993)  test  the 
efficiency  of  the  S&P  500  index  option  market  and  find  that  GARCH  forecasting  method 
generates  positive  profits.  Harvey  and  Whaley  (1992)  forecast  the  volatility  implied  in  the  S&P 
100  and  although  they  test  and  reject  that  volatility  changes  are  unpredictable,  they  find  that 
abnormal  returns  are  not  possible. 
     
III.  GARCH  Specifications     7 
 
Options  expire  on  the  third  Friday  of  the  expiration  month.  There  is  evidence  that  markets  are 
more  active  and  volatile  around  these  dates.  Stoll  and  Whaley  (1987)  document  that  the  volume 
of  trading  in  the  stocks  listed  on  the  New  York  Stock  Exchange  (NYSE)  during  the  last  hour  of 
trading  on  Fridays  when  futures  contracts  expire
3  is  twice  as  much  as  other  Fridays.    They  also 
show  that  the  S&P  100  index  is  more  volatile  during  the  last  hour  of  trading  on  the  days  that 
options  expire.  Day  and  Lewis  (1988)  find  evidence  that  the  market  anticipates  higher  volatility 
around  expiration  dates. 
 
Different  GARCH  specifications  are  used  to  forecast  volatility  of  the  S&P  100  returns.  All 
models  allow  for  changes  in  volatility  of  daily  returns  on  “special  days”.    There  are  three  kinds  of   
“special  days”;  Mondays,  Tuesdays  and  monthly  expiration  dates.  Noh,  Engle  and  Kane  (1993) 
estimate  the  annualized  standard  deviation  of  the  S&P  500  index  returns  to  be  23.35  %  for  the 
period  1986  through  1991,  compared  to  33.64  %  on  Mondays  and  19.74  %  on  Tuesdays.  In  Table 
1,  we  provide  different  measures  of  volatility  around  expiration  dates.  All  the  figures  in  the  table 
are  based  on  daily  prices.  Rather  than  a  significant  increase  in  volatility,  we  note  an  increase  in 
daily  returns  around  expiration.  The  findings  of  researchers  such  as  Stoll  &  Whaley  (1987)  and 
Day  &  Lewis  (1988)  are  based  on  intraday  data,  and  we  fail  to  find  striking  rises  in  volatility 
based  on  daily  data.  However,  our  findings  indicate  that  expiration  dates  are  indeed  special  and 
deserve  treatment  as  such.   
 
 
Table  1 
Volatility  of  S&P  100  Index,  Jan  1987  -  Jan  1993
  * 
                                                                                                 
3  Futures  contracts  expire  quarterly.   8 
(Standard  Deviations  are  in  Parenthesis) 
 
  Daily  Returns  High  -  Low  (High-Low)/Close 


























*  October  1987  is  excluded. 
 
Noh,  Engle  and  Kane  (1993)  suggest  the  following  specification  for  the  volatility  of  the  S&P  500 
return  series,  which  we  adopt  as  our  starting  point  to  forecast  the  volatility  of  the  S&P  100  return 
series: 
    r a
t t = +
0 e ,  e
t t N h ~ ( , ) 0             (1) 
 
    ( ) { } h d b d b b h





0 1 1 1
2




t is  the  daily  return  of  the  asset  at  time  t  and  d
tdenotes  the  number  of  days  since  the  last 
trading  day.    If  date  t  is  a  Monday,  h
t-1is  increased  and  if  date  t  is  a  Tuesday  h
t-1is  decreased. 
There  is  evidence  that  variance  is  smaller  when  the  market  is  closed
4,  that  is  variance  in  the 
middle  of  the  week  is  greater  when  compared  to  variance  around  the  weekend,  and  the  above 
specification  is  an  attempt  to  capture  this  phenomenon.       
 
To  account  for  the  possibility  of  increased  variance  around  expiration  dates
5,  (2)  can  be  modified 
to  incorporate  this  effect  to  allow  for  higher  volatility  around  expiration  dates. 
                                                                                                 
4  For  example  see  French  &  Roll  (1986). 
5  Day  &  Lewis  (1988)  find  evidence  in  support  of  this  claim.   9 
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where  k
t   is  number  of  days  to  the  next  expiration  date.  Evidence  on  intraday  data  is  to  the  effect 
that  volatility  is  higher  during  the  week  of  expiration,  and  even  more  so  just  before  the  expiration. 
We  use  the  natural  logarithm  of    k
t   rather  than  including  dummy  variables.    This  model  does  not 
treat  the  effect  of    k
t   on  Monday  and  Tuesday  symmetrically.  We  provide  a  symmetric  alternative 
given  by  equation  (4).     
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Equation  (5)  is  a  linear  version  of  the  above  models.  We  estimate  this  model  to  investigate 
whether  the  nonlinearity  in  the  specification  preferred    by  Noh,  Engle  and  Kane  (1993)  is 
justified.     
 
    h b c k c d c d b b h
t t t t t t = + + + + +
- - - 0 1 2 3 1 1 1
2
2 1 log e                               (5) 
 
A  natural  way  to  model  the  significantly  higher  daily  returns  around  expiration  dates  is  by  an 
ARCH-M  version  of  the  underlying  model.  The  specification  we  employed  is  given  by  equations 
(6)  and  (7).     
    r a a h
t t t = + +
0 1 e                                 (6) 
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The  models  are  estimated  by  maximum  likelihood.  The  results  are  presented  in  Table  2.  Columns 
1  and  2  compare  the  basic  Noh,  Engle  and  Kane  (1993)    model  with  and  without    time  to   10 
expiration    The  inclusion  of    this  effect    improves  the  results  significantly.
6  The  negative 
coefficient  implies  a  rapidly  increasing  volatility  effect  close  to  the  expiration  dates.  Columns  2 
and  3  show  that  treating  Mondays  and  Tuesdays  asymmetrically  does  not  affect  the  results. 
Column  4  provides  the  coefficient  estimates  for  the  linear  model.  This  model  achieves  a  function 
value  as  good  as  the  other  models  and  also  captures  the  volatility  effects  of    “special  days”.  The 
coefficient  on  the  Tuesday  dummy  is  negative
7  and  significant,  implying  lower  volatility  on 
Tuesdays.  Volatility  on    Mondays    is  higher,  although  the  coefficient  estimate  is  not  significant.   
The  ARCH-M  model  does  not  perform  well.    Including  the  time  to  expiration  in  the  return  series 
also  does  not  change    the  results  very  much.  Likelihood  ratio  tests  for  equation  (8)  versus 
equation  (1)  for  volatilities  given  by  (3),  (4)  and  (5)  do  not  reject  the  null  that  equation  (8) 
provides  significant  improvement  over  equation  (1).   
 
    r a a k
t t t = + +
0 1 log e                                (8) 
 
The  models  are  also  estimated  for  the  S&P  500  index.  The  results  are  provided  in  Table  3.  Once 
again  including  the  time  to  expiration  in  the  regression  significantly  improves  the  results  and  the 
linear  specification  works  just  as  well  as  the  nonlinear  models.  The  coefficients  have  the  same 
signs  as  for  the  S&P  100  index.         
                                                                                                 
6  Likelihood  ratio  test  rejects  the  hypothesis  that  the  model  given  by  equations  (1)  &  (3)  does  not  provide  a 
significant  improvement  over  the  model  given  by  (1)  &  (2). 
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IV.  Trading  Experiment 
 
The  model  given  by  equations  (1)  &  (5)  is  estimated  using  the  past  600  rolling 
observations  of  the  S&P  100  index  returns  to  update  the  parameter  estimates.  These 
estimates  are  used  to  forecast  volatility  through  the  life  of  the  option  as  follows; 
 
h t b c k c d c d b b h
t t t t t t + + + = + + + + +
1 0 1 1 2 1 3 1
2
2 | log e  
h t b c k c d c d b E t b h t
t i t i t i t i t i t i + + + + - + - + - = + + + + + | log ( | ) |
0 1 2 3 1 1 1
2
2 1 e  
h t b c k c d c d b b h t
t i t i t i t i t i + + + + - + - = + + + + + | log ( ) |
0 1 2 3 1 1 2 1     i = 2 3 , ,....,t  
 
where  h t
t i + |   and  e
t i t
+ |   denote  predictions  at  time  t.  Call  and  put  option  prices  can  then  be 
calculated  using  the  Black-Scholes  model. 
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1
1
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   14 
where  C P
t t t t + + + + + + 1 1 1 1 , , , t t   denote  Black-Scholes  call  and  put  option  price  forecasts 
respectively,  I
t   is  the  closing  price,  Eis  the  exercise  price, r
t     is  the  risk-free  interest 
rate,    s t t t + + + 1 1 , is  the  volatility  prediction  for  the  life  of  the  option,  N x ( )is  the  cumulative 
probability  distribution  for  a  standardized  normal  variable  and  t   is  the  time  to  expiration.   
 
A  more  sophisticated  option  pricing  model,  in  particular  one  which  can  explicitly  take 
into  account  stochastic  variance  should  be  applied  to  produce  more  realistic  should-be 
option  prices.    However,  the  standard  Black-Scholes  which  incorporates  forecasts  of 
volatility  based  on  GARCH  models  suffices  to  produce  evidence  of  market  inefficiency 
by  showing  that  excess  profits  are  possible.  We  acknowledge  the  need  to  use  improved 
option-pricing  models  to  generate  “correct”  option  prices.
8   
       
V.  Data 
 
S&P  100  and  S&P  500  index  option  data  as  provided  by  the  Chicago  Board  of  Options 
Exchange  for  the  period  January  1989  through  December  1991  are  used  in  the  analysis. 
Data  for  the  underlying  are    available  from  January  1987  through  December  1991.  The 
Treasury  bill  rate  from    Citibase  is  used  for  the  risk-free  interest  rate. 
 
If  the  investor  believes  that  volatility  is  going  to  be  higher  than  what  is  perceived  by  the 
market,  he  can  buy  a  call  option  and  a  put  option  with  the  same  strike  price  and  expiration 
date.  This  is  called  a  straddle.  To  make  profits  using  this  information  he  would  buy  a 
straddle  at  the  current  price  (at-the-money)  since  they  are  the  most  sensitive  instruments 
to  changes  in  volatility.  If  indeed  volatility  is  higher  then  the  price  of  both  options 
                                                                                                 
8  Several  methodologies  exist.  For  a  review  of  option  pricing  with  stochastic  volatility  see  Lin,  Strong  and 
Xu  (2001).   15 
increases  because  of  the  change  in  volatility,  and  if  most  of  the  price  change  is  in  one 
direction    then  one  option  becomes  significantly  more  valuable  since  the  strike  price  is 
now    quite  different  from  the  current  price.   
 
Trading  is  done  on  nearest  term  at-the-money  call  and  put  options.    We  compare  the  call 
and  put  prices  generated  by  our  model  and  if  the  price  is  sufficiently  higher  (to  cover 
transaction  costs),  we  buy  the  straddle,  otherwise  we  don’t  trade.  We  only  hold  a  position 
for  a  day.  We  buy  at  the  close  and  sell  at  the  next  day’s  close  if  we  haven’t  exited  the 
market  before  that.  We  exit  the  market  when  we  make  the  threshold  level  of  profit  on  the 
call  or  on  the  put  or  at  the  end  of  the  day.  We  assume  there  is  no  slippage.  Daily  trading 
volume  in  the  nearest  term  option  is  on  average  about  80  %.  During  the  last  week  it  goes 
up  to  90  %.  Given  the  liquidity  in  the  market,  our  assumption  about  slippage  is  well 
justified.   
 
Tables  4-9  provide  average  annualized  rates  of  return  from  straddle  trading  near-the-
money  options  for  different  levels  of  transaction  costs  and  exit  thresholds.    Two  different 
sets  of  trading  strategies  are  employed.  Tables  4-6  are  based  on  straddle  trading  where  a 
call  for  every  put  is  bought.  Tables  7-9  bet  the  same  amount  of  money  on  calls  and  puts. 
For  each  strategy,  we  buy  the  at-the-money  straddle,  the  nearest  in-the-money  straddle 
and  the  nearest  out-the-money  straddle.    The  results  indicate  that  excess  profits  are 



























































































































































































































































































































































































































1  18 
As  an  example,  the  at-the-money  straddle  trading  combined  with  an  exit  strategy  that 
quits  the  market  when  the  30%  profit  threshold  is  reached  generates  average  annualized 
rates  of  return  of  221%  when  transaction  costs  are  $3  per  contract.  This  is  a  conservative 
level  of  transaction  costs  for  the  period  of  the  trading  experiment  and  excess  profits  are 
possible.  Over  the  660  days  this  experiment  was  done,  228  trades  were  made.  This 
amounts  to  about  one  trade  for  every  three  trading  days,  which  is  quite  frequent.  The 
average  daily  return  over  the  660  days  is  0.6  %  after  transaction  costs. 
 
As  a  final  note,  straddle  trading  based  on  the  GARCH  forecasting  model  does  better  than 
the  simple  trading  strategy  of  trading  every  day  and  exiting  the  market  at  the  end  of  each 
day.  Exit  strategies  improve  the  results  for  this  trading  strategy  as  well.  These  results  are 
not  presented  here  but  are  available  upon  request. 
 
VI.  Conclusion 
 
This  paper  is  a  contribution  to  the  vast  literature  on  the  inefficiency  in  the  index  options 
markets.    Previous  research  has  found  that  trading  based  on  implied  volatility  forecasts  do 
not  generate  positive  profits  for  the  S&P  500  index  options  but  GARCH  volatility 
forecasts  do.  Trading  based  on  implied  volatility  forecasts  for  the  S&P  100  index  options 
also  fail  to  generate  profits  in  excess  of  transaction  costs.  This  paper  shows  that  trading 
based  on  GARCH  volatility  forecast  generates  profits  in  excess  of  transaction  costs  for 
the  S&P  100  index  options  hence  there  is  systematic  mispricing  in  the  S&P  index  options 
markets.     19 
 
We  have  estimated  various  GARCH  models  for  the  S&P  100  and  S&P  500  index  returns. 
We  find  that  the  number  of  days  to  expiration  is  an  important  factor  in  predicting  future 
volatility.  We  have  traded  straddles  based  on  our  forecasting  methodology  and  were  able 
to  make  positive  profits.  To  the  extent  that  this  constitutes  a  test  for  efficient  markets,  we 
conclude  that  the  S&P  100  index  options  market  is  inefficient  and  there  is  potential  for 
speculative  profits.   
 
There  are  more  sophisticated  methods  of  pricing  options  with  stochastic  volatility  than 
the  one  we  use  to  price  options  in  this  paper,  hence  we  do  not  argue  that  we  correctly 
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